Transport of tissue samples for DNA extraction between countries has become complicated by recent security issues and the fact that some commonly used preservatives (e.g. ethanol) are listed as 'dangerous goods'. As such, the shipment of samples for molecular studies requires complicated and often obscure arrangements and costly shipping methods. Alternative preservatives that are not classed as 'dangerous-goods' are available (e.g. RNAlater TM , Ambion; an RNA-stabilizing solution), some of which have proved to be successful in the field (e.g. DMSO salt-saturated solution, Seutin, White & Boag, 1991; Dawson, Raskoff & Jacobs, 1998) . However, these preservatives may not be suitable for museum or long-term voucher collections, as the effects of long-term storage in these solutions are unknown.
These issues are particularly problematic when tissue samples are obtained during fieldwork and immediate shipment is required, preferably in personal luggage. One option is to use high-percentage ethanol (ideally 100%) for preservation in the field and then replace it with a diluted ethanol solution that is acceptable for shipment by air. However, the effects of transferring tissue between high and low percentages of ethanol on DNA quality and yield are unknown. The aim of this study was to investigate these effects using molluscan tissue samples.
Tissue samples from one bivalve (Spisula solida ) and three gastropod species (Buccinum undatum, Gibbula cineraria and Littorina littorea ) were preserved in 100% ethanol for between 1 and 10 days to simulate sampling at the beginning and end of a 2-week fieldtrip (Fig. 1 ). The tissue samples were then transferred to 24% ethanol, which is not classed as 'dangerous' (International Air Transport Association, 2007: 311) for either 3 or 15 days (treatment numbers 1 -8, Fig. 1 ). This simulated the need to transfer tissues to low percentage ethanol for transport in personal luggage on an aeroplane or with a courier service. Three days in 24% ethanol was chosen to represent a reasonable amount of time for international transport before arrival at the laboratory and transfer to 100% ethanol. The 15 days in 24% ethanol simulated the effect of a delay in transport or shipping on DNA quality (for example, if samples were held at customs). As a control, one tissue sample was preserved and continuously maintained in 100% ethanol until DNA extraction (treatment 9, Fig. 1 ).
The effect of alternative tissue storage buffers on DNA was tested by preserving tissue samples in RNAlater TM (Ambion) or DMSO salt-saturated buffer (20% DMSO, 0.25 M EDTA, pH 7.5, NaCl saturated, Seutin et al., 1991) (treatments 10, 12, Fig. 1 ). The manufacturers of RNAlater suggest that samples be frozen, or at least kept cool (48C) to minimize nucleic acid degradation, however in remote field conditions such requirements cannot always be met. All samples in this study were kept at room temperature (approximately 258C), simulating field conditions.
Neither RNAlater or DMSO salt-saturated solution are controlled by any restrictions on transport or shipment. However no long-term studies have been undertaken to test the effects on tissue and DNA quality over periods of time relevant to museum collections (decades to hundreds of years). If no ill effect on DNA quality is observed, it may therefore be preferable to return the samples to ethanol. To simulate this procedure, tissue samples were also preserved initially in these solutions and then transferred to 100% ethanol after 13 days (simulating the length of the field trip and return to the laboratory; treatments 11, 13, Fig. 1 ).
Approximately 25 -50 mg (approximately 5 by 5 by 2 mm) of foot tissue was taken from living individuals of S. solida, B. undatum, L. littorea and G. cineraria and cut roughly into several pieces (except treatments 1 and 5, in which tissue was left as a single, larger piece; Fig. 1 ). Tissue samples were placed in 1.5 ml of 99.7% ethanol (treatments 1 -9), RNAlater (treatments 10, 11) or DMSO salt-saturated solution (treatments 12, 13) in 2-ml vials. The vials were inverted several times to mix their contents. At appropriate times (see Fig. 1 ), tissue samples were removed and placed in new vials containing another 1.5 ml of preservative, with minimal transfer of liquid.
At the conclusion of the experiment, tissue was blotted dry and soaked for up to 30 min in 0.01 TE buffer (10 mM Tris -Cl, pH 7.5, 1 mM EDTA) to remove preservative. DNA was extracted from Spisula, Buccinum and Gibbula using a QIAmp kit (Qiagen) and from Littorina using a DNeasy Blood and Tissue Kit (Qiagen) following the manufacturers' instructions. Genomic DNA was eluted from the columns in 400 ml of elution buffer provided by the manufacturers. An aliquot of DNA (5 ml) was run on a 1.2% Tris -acetate -EDTA (TAE) gel and stained with ethidium bromide in order to visually compare DNA yield and quality for each of the treatments.
In addition, 1 ml of DNA was used to amplify approximately 1,000 bp of the 18S rRNA gene (following the methods in Williams & Ozawa, 2006) . Littorinid DNA required further purification prior to PCR amplification to remove inhibitors. This was achieved by adding 62.5 ml of 5 M NaCl to the DNA, followed by 50 ml of hexadecyltrimethyl ammonium bromide (CTAB) (10% v/v) in 0.7 M NaCl solution. This was incubated for 10 min at 688C and then extracted with equal volumes of chloroform: iso-amyl alcohol (24:1) and phenol:chloroform (1:1). The DNA was precipitated with an equal volume of isopropanol, washed with 70% ethanol and dried and resuspended in 25 ml of 10 mM Tris -HCl pH 8.
High molecular weight DNA was obtained from tissue preserved in all three preservatives (Figs 2, 3) . However, yields of high molecular weight DNA varied among taxa for tissue samples preserved in either RNAlater or DMSO salt saturated solution. DMSO salt-saturated solution (lanes 12, 13; Fig. 2 ) worked better than RNAlater (lanes 10, 11; Fig. 2 ) in Gibbula and Spisula, whereas the reverse is true for Littorina. RNAlater did not function well in Gibbula or Spisula, but it was not kept cool or frozen, as the manufacturer's recommend. It is perhaps for this reason that samples initially preserved in RNAlater and then transferred to ethanol after 13 days tended to perform better than those left continuously in RNAlater. These samples, and those transferred to ethanol from DMSO salt saturated solution, were heavily encrusted with salt. As such, they may not be useful for fine-detail tissue dissections, but are still useful for DNA analyses. If DNA is not to be extracted immediately, it may be better to wash such samples in dilute TE buffer to remove excess salts, prior to replacing RNAlater or DMSO salt saturated solution with ethanol.
The length of time in 100% ethanol prior to 'shipment' in 24% ethanol affected the yield of total DNA (Fig. 3B) and high-molecular weight DNA (Fig. 2) ; a direct relationship was seen in both Gibbula and Littorina. The length of time in 24% ethanol also affected yield of DNA; both Littorina and Buccinum showed a decrease in yield of high molecular weight DNA with increasing time in 24% ethanol (Figs 2, 3 ). This was most obvious when the initial preservation in 100% ethanol had been particularly short (1 day). There appeared to be no significant difference between DNA yields from uncut and cut pieces of tissue, although DNA yield was usually higher in the uncut piece of tissue.
To summarize, visual examination of the genomic DNA showed that yield and quality of high molecular weight Figure 2 . Photo of genomic DNA after column purification for each of the 13 treatments in Figure 1 . The DNA (5 ml) was run on a 1.2% TAE gel, stained with ethidium bromide and visualized under a UV light. M, marker ladder (HyperLadder I, Bioline; fragments: 10,000, 8,000, 6,000, 4,000, 3,000, 2,000, 1,500, 1,000, 800, 600, 400 and 200 bp); R, RNAlater; Rþ, RNAlater transferred to 100% ethanol; D, DMSO salt saturated solution; Dþ, DMSO salt saturated solution transferred to 100% ethanol. DNA were affected by (1) preservative, (2) length of time in 100% ethanol prior to time in 24% ethanol and (3) length of time in 24% ethanol, especially if poorly-preserved initially (Figs 2, 3) . However, despite differences in final yield, all DNA samples produced high yield amplification products for the nuclear 18S rRNA gene (data not shown).
As a result of this study, several recommendations can be made. Tissue samples should be preserved for as long as possible (preferably at least 3 days) in 100% ethanol before being transported in 24% ethanol. The time that the tissue remains in 24% ethanol should be minimized. If using RNAlater or DMSO saltsaturated solution under field conditions, DNA yield may be increased by transferring tissue to ethanol immediately after shipment. It is not necessary to cut tissue fragments into very small pieces.
